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Content
• More about the event generation for SN 

• Back where we left it this morning. 

• Hit finder and then what? 

• Clustering algorithm 

• Burst trigger 

• PDS triggering 

• Future of these studies 

• Other approach: 

• Machine learning
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MARLEY
• Goal: generating a particle list, which are expected to come from a SN𝜈 interaction. 

• Implements 𝜈e  + Ar → e- + K* 

• Implements all the decay gammas 

• Main channel for neutrino interactions in Ar.
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MARLEY nuclear de-excitation model
• If the residual nucleus is in a bound state, the G consults its
S D to see if ᆼ-ray data are available.

– If so, a D S is used to repeatedly sample gammas down to the
ground state

– If not, MARLEY uses the same ᆼ-ray model as for unbound states

R. Raghavan (1986)

• The discrete level data to use are
specified in a C F

• MARLEY uses the same structure data
format as the TALYS nuclear code

• Recommended level data: TALYS-1.6

– based on ENSDF and RIPL-3
experimental databases

– fills in missing pieces with theory

– GPL-licensed

– subset available now at
?iiT,ffrrrXK�`H2v;2MXQ`;

8

How well can we do without the neutrons?

17

Note the * after K 
→ FORBIDDEN TRANSITION 

Erin ConleySteven Gardiner
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Radiological generator
• A event generator that generate the decay products of the radiological 

decays. 

• Takes into account the position: 

• Neutrons are coming from the side 

• Polonium from the surface of the PDS… 

• Some of them have a rather “crude” implementation: 

• No coincidence (some decays do have several decays following each other 
c.f. BiPo, or Uranium-238 spontaneous decays…). 

• Some people are working on this, it’s going to get better!!
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Figure 2: Background cluster rate for di↵erent hit finder algorithms.

Background Origin Rate Clustering e�ciency

Argon-39

Intrinsic in the Argon

1.01 Bq/kg
Krypton-85 115 mBq/kg
Radon-222 40 mBq/kg
Argon-42 92 µBq/kg

Cobalt-60 APA frame structure 45.5 mBq/60Co kg
Potassium-40 CPA 4.9 Bq/40K kg

Neutron Surrounding rock material 10�5 cm�2s�1

Polonium-210 Photon detector system surface 0.2 Bq/m2

Table 1: E�ciency of clustering background events, rates and origin are from [3].
Note that due to the neutron having a low cross section with Argon, we only
keep the neutrons that interact in the detector for defining the e�ciency. The
number in parenthesis is the one without this requirement. TODO: Add the
individual e�ciencies when Aran has them.

As for the e�ciencies, the rate depends on the hit finder algorithms. The results
are shown in Figure 2.

2.4.4 Background rejection

Background rejection is one of the purpose of the clustering algorithm, and
therefore we checked the individual background uncertainties with each of the
backgrounds. This is shown in Table 1. Where one can see the the highest clus-
tering e�ciency is reached fr the neutrons. This is because the neutron captures
create a 6 MeV photon that resembles the electron from SN interactions.

2.4.5 Full simulation

It is interesting to look at the total rates background assuming all the back-
grounds are present with the noise. Once we do that, we get, on average, a
composition of the clusters as shown in Figure 3. This highlights the fact that
the neutrons are the most dominant background. Note that a cluster is tagged
as signal if it has 2 or more SN hits in it.

3 Burst trigger

3.1 Introduction

The clustering algorithm provide a great rejection of the background, as listed
in Table 1, but this is not acceptable to trigger, i.e. one cannot trigger every
time a cluster is detected. Hence, the burst trigger was implemented to provide

4

Think about this number 
for a moment.
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The Physics of Supernova Neutrinos

Challenges: 
Neutrons

• For energy reconstruction: 

• Neutrons travel long distance 

• Very small reactive cross section 
(anti-resonances!!) 

• For background: 

• Neutrons have similar energy 
depositions to low-E 𝜈 

• From spallation + uranium in the 
rock and cement
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Why do neutrons take so long to capture in
LAr? ENDF Request 22859, 2016-Apr-13,12:12:46
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Neutron total cross section for 40Ar

Negative resonance makes 40Ar essentially transparent to neutrons!
Trace isotopes manage to scatter neutrons below it (according to Geant4)

ENDF/B VII.1 is shown
here

Different neutron data
evaluations may give
different capture
times. Placement of
resonances is
important!

22

ENDF/B-VII.1

• This is why neutrons are a problem: 

• Energy deposition very close to low energy neutrino 
event (solar, SN) 

• They can be everywhere!
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The Physics of Supernova Neutrinos

SN interactions 
Neutron interactions

• Home-made event display (you should try to make yours!) 

• Neutron can create similar energy 
deposition
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The Physics of Supernova Neutrinos

The triggering problem
• So we have all these hits 

• How do we create a triggering 
algorithm from these? 

• Counting? 

• SumADC of all the hits?
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“Hit” is a data object which contains: 
 - Time (tick) 
 - Time extent (RMS) 
 - Amplitude or integral (or both) 
 - Channel number
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The Physics of Supernova Neutrinos

The triggering problem
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None of these will work: 

Too much background 

Also, you are not using the feature of the events (these nice tracks we saw earlier)
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The Physics of Supernova Neutrinos

Clustering
• Instead we cluster the hits: 

• Take the neighbouring hits in time and 
space and cluster them. 

• Order the hits by channel 

• Cluster by channel 

• Order the hits by time 

• Cluster by time 

• Require that the cluster has a certain 
extent and number of hit. 

• This step will get rid of single hits of Ar-39 

• Very simple reconstruction, that can be 
run online. 

• Good efficiency after 20 MeV 

• Unsure what the backtracker is doing 
here, take this plot with caution
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Cluster is a bag of hits close in space and / or time

Clustering Algorithm

• Hits ordered sequentially by channel. Walk along the wires looking for hits on adjacent 
channels.

Channel

X X X X

1 2 3 4 5 6 7 8 9 10

Ti
m

e

Require > 3  
hits.

CLUSTER
NO CLUSTER

• Cut on total ADC sum of the hits in the cluster, minimum number of channels in a 
cluster or cluster width. 

8

CLUSTER IN CHANNEL AND TIME SPACE

X

X
XX

1
2
3
4
5
6

• Within these channel cluster, group hits close in time.

• Finally require a certain number of hits in a cluster.

Takes channel ordered hits from a hit finder (currently Gauss hit).

7
8
9

X
X

It’s fast: Given the assumptions e.g. an ordered list of hits was 
provided, the clustering for 10kt could be run on a single CPU.

https://indico.fnal.gov/event/16859/contribution/1/material/slides/0.pdf

Alex Booth
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The Physics of Supernova Neutrinos

Burst trigger
• Count the number of clusters in a time window (10 seconds). 

• If the number of clusters is bigger than a threshold, issue a 
trigger that will record the whole FD for 30 seconds. 

• What create the clusters when 
there is no SN? 

• Mainly neutron and Radon which 
have high energy. 

• What should be this threshold so that there is not too much 
fake?? 

• From Simon’s talk, once per month is OK
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The Physics of Supernova Neutrinos

Burst Trigger
• From the background rate, one can derive the background cluster rate, i.e 

frequency of clusters when there is no SN. 

• What is the rate of few clusters? 

• Integrate the tail of the Poisson distribution.
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Figure 3: Composition of the cluster for signal and background (Red: Signal,
Blue: background). TODO: Add the ADC threshold for this

further background reduction to the acceptable level of 1 SN trigger per month
per 10 kT module.

3.2 Algorithm

The burst trigger uses a 10 seconds sliding window and makes a decision to
issue a trigger based on the number of clusters it sees in it. The threshold for
issuing a trigger is based on the background rate of the clustering algorithm.
This threshold depends on the background rate and therefore is very sensitive on
the background assumptions that are made as well as the clustering algorithm
itself. The choice of threshold is developed in the next section. This algorithm
can be run online with a simple C++ code, although the actual hardware im-
plementation require a complex, fast and large data bu↵er since one needs to
wait up to 10 seconds to have a trigger decision.

3.3 Threshold choice

Starting from the clustering background rate (BR), which is defined as:

BR =
nbackground clusters

nevents generated ⇥ Tevent
⇥ V10 kT

V1⇥2⇥6
, (2)

where nbackground clusters is the number of background clusters after the selection,
nevents generated is the number of generated events (usually this is of the order of
a several hundred thousands), Tevent is the time of a LArSoft event (2.246 µs)
and the ratio V10 kT

V1⇥2⇥6
is the ratio of volumes between a full 10 kT volume and
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the simulated 1 ⇥ 2 ⇥ 6 volume (this number is one eighth, which we round
down to 0.12). Note that in the case where the noise should be the dominant
background (see Figure 3, the ratio would have to be a ratio of number of APAs
(hence number of wires) rather than a volume ratio. In the case of the neutrons,
this ratio should be a ratio of area rather than volume (since the neutrons come
from the side of the detector), this leads to a ratio of 0.12 (which is the number
we use).

Assuming the nominal LArSoft noise and that we are using a hit finding
algorithm for which the clustering has a large e�ciency for 5 MeV electrons at
the cathode, the background rate is 0.5 Hz.

Next, the frequency for which the number of cluster exceeds a certain thresh-
old (which we call the Fake Rate, FR) is given by:

FR = BR⇥
1X

n=nThr

Poisson (µ = TIntegr ⇥BR,n) , (3)

where µ is the mean of the Poisson distribution, TIntegr is the integration time
(the time of the sliding window), which in this case is 10 seconds, n is the number
of clusters and nThr is threshold number of clusters at which the SN trigger is
issued. We want to choose the nThr to be such that the FR is smaller than once
per months. In practice, when µ is greater than 20, we use the approximation

Poisson(µ, n) ' Gaus(µ,� =
p
µ, n) (4)

to transform Equation 3 to

FR = BR⇥ erf(µ = TIntegr ⇥BR,� =
p
µ, nThr) (5)

where erf is the error function (i.e. the integral from nThr to infinity of a
Gaussian function). The fake rate is depicted against the threshold for cluster
in Figure 4

3.4 Sensitivity

After choosing the threshold, one can infer the sensitivity of the clustering
algorithm. This is done in the following way:

- Assume a SN creates a certain number of events in the detector, nSN.
- The number of cluster which will to be detected is ndetected clusters = nSN⇥
✏, where ✏ is the e�ciency of detecting a cluster from a SN.

- The e�ciency for detecting the SN, ✏Trigger based only on statistical grounds
(i.e. no systematic error on the cross section, for example) is then given
by:

✏Trigger =
1X

n=nThr

Poisson (µ = ndetected clusters, n) . (6)

We repeat this procedure for SN which have a number of events between 1 and
1000, and hence get an e�ciency for each of these hypothetical SN. Figure 5
shows the resulting e�ciency.
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0.57 Hz±Threshold: 8 ADC & Config: 5 - Eff: 0.42 & Bkgd rate: 3.52

0.13 Hz±Threshold: 10 ADC & Config: 5 - Eff: 0.40 & Bkgd rate: 0.70

0.07 Hz±Threshold: 12 ADC & Config: 5 - Eff: 0.38 & Bkgd rate: 0.24

0.03 Hz±Threshold: 14 ADC & Config: 5 - Eff: 0.36 & Bkgd rate: 0.12

0.03 Hz±Threshold: 16 ADC & Config: 5 - Eff: 0.35 & Bkgd rate: 0.08

0.02 Hz±Threshold: 18 ADC & Config: 5 - Eff: 0.35 & Bkgd rate: 0.07

0.02 Hz±Threshold: 20 ADC & Config: 5 - Eff: 0.34 & Bkgd rate: 0.06

0.01 Hz±Threshold: 24 ADC & Config: 5 - Eff: 0.32 & Bkgd rate: 0.06
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The Physics of Supernova Neutrinos

Burst Trigger
• Now want to know how much 𝜈 the SN has to create to trigger. 

• Convert the threshold cluster + efficiency into SN triggering 
efficiency. 

• Convert number of events to distance.
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the simulated 1 ⇥ 2 ⇥ 6 volume (this number is one eighth, which we round
down to 0.12). Note that in the case where the noise should be the dominant
background (see Figure 3, the ratio would have to be a ratio of number of APAs
(hence number of wires) rather than a volume ratio. In the case of the neutrons,
this ratio should be a ratio of area rather than volume (since the neutrons come
from the side of the detector), this leads to a ratio of 0.12 (which is the number
we use).

Assuming the nominal LArSoft noise and that we are using a hit finding
algorithm for which the clustering has a large e�ciency for 5 MeV electrons at
the cathode, the background rate is 0.5 Hz.

Next, the frequency for which the number of cluster exceeds a certain thresh-
old (which we call the Fake Rate, FR) is given by:

FR = BR⇥
1X

n=nThr

Poisson (µ = TIntegr ⇥BR,n) , (3)

where µ is the mean of the Poisson distribution, TIntegr is the integration time
(the time of the sliding window), which in this case is 10 seconds, n is the number
of clusters and nThr is threshold number of clusters at which the SN trigger is
issued. We want to choose the nThr to be such that the FR is smaller than once
per months. In practice, when µ is greater than 20, we use the approximation

Poisson(µ, n) ' Gaus(µ,� =
p
µ, n) (4)

to transform Equation 3 to

FR = BR⇥ erf(µ = TIntegr ⇥BR,� =
p
µ, nThr) (5)

where erf is the error function (i.e. the integral from nThr to infinity of a
Gaussian function). The fake rate is depicted against the threshold for cluster
in Figure 4

3.4 Sensitivity
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- The number of cluster which will to be detected is ndetected clusters = nSN⇥
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(i.e. no systematic error on the cross section, for example) is then given
by:
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Poisson (µ = ndetected clusters, n) . (6)

We repeat this procedure for SN which have a number of events between 1 and
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The Physics of Supernova Neutrinos

Burst Trigger
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The Physics of Supernova Neutrinos

PDS SN triggering
• Same algorithm can be applied in the case of the PDS. 

• Clustering on optical hits rather than TPC hit primitives. 

• Gets comparable results to the TPC studies
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• Red → Dip Coated design 
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• Of course the TPC and PDS trigger should be somehow combined. This is work in 
progress. 

• Aim is to get the background so low that you can do solar neutrinos… 

• Alternative approach: 

• SN𝜈 interaction  
in 1 APA 

• University of Columbia (it’s Columbia not Colombia) used machine learning to trigger. 

• Image recognition to classify event as SN, NDk, beam… 

• More involve on the hardware side, but got comparable results, see talk at previous CM.

Future / Alternative approach
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Conclusion
• SN triggering is using a simpler reconstruction algorithm 

that and can be run online. 

• We have shown that the combination Clustering + Burst 
trigger can trigger efficiently of SN from the Milky Way. 

• More work to combine both triggering algorithms. 

• More work to estimate the backgrounds.
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